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(57) ABSTRACT

A motion recognition method includes: a light detecting step
of detecting light reflected by the reflective body to measure
a luminous intensity of the light by the light receiving ele-
ment; a first coordinate setting step of setting a planar coor-
dinate (X1, Y1) of the reflective body; a second coordinate
setting step of setting a planar coordinate (X2, Y2) of the
reflective body; and a direction determining step of obtaining
an angle (6) between a line segment connecting the origin and
the planar coordinate (X1, Y1) in the first position and a line
segment connecting the planar coordinate (X1,Y1)in the first
position and the planar coordinate (X2, Y2) in the second
position and determining that the reflective body moves in a
direction passing through a %2 point of the angle (0) in the first
position by the data processing unit.
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1
MOTION RECOGNITION METHOD

TECHNICAL FIELD

The present invention relates to a motion recognition
method, and more particularly to a motion recognition
method in which, in order to execute various functions of an
electronic device according to a motion of a reflective body
such as a hand of a user, a light emitting element projects light
and a light receiving element detects light reflected by the
reflective body to determine an movement direction of the
reflective body.

BACKGROUND ART

In general, recognition of a motion is based on a step of
repeatedly measuring reflection degrees of a reflective body,
a step of identifying a change in a proximate location of the
reflective body over time by comparing the measured reflec-
tion degrees, and a step of analyzing a change at the proximate
location of the reflective body with a motion associated with
a specific gesture which can be analyzed as a movement of the
user or a motion vector of the reflective body, in order to
determine a proximate location of the reflective body.

The location of the reflective body depends on both the
point of compass of a surface of the reflective body and a
reflection degree of the surface of the reflective body, and thus
is an approximate value.

It is generally very inaccurate to use a value of a reflection
degree from a simple optical system for obtaining an absolute
value of a distance.

Korean Patent Application Publication No. 10-2010-
0068222 discloses an apparatus and a method for recognizing
an optical gesture.

The optical gesture recognizing apparatus according to the
related art includes: a first light source; a first light receiver
configured to receive reflected light from a reflective body
when the first light source is operated and output a primarily
measured reflection degree value corresponding to the inten-
sity of the reflection light; and a processor configured to
receive the primarily measured reflection degree value, and
the processor compares the primarily measured reflection
degree values at a first angle of view and a second angle of
view to track a motion of the reflective body, and identifies a
gesture of an object corresponding to the tracked motion of
the reflective body.

The optical gesture recognizing method according to the
present invention includes: a step of measuring an intensity of
reflection light from a reflective body at a first angle of view
to obtain a primarily measured reflection degree value; a step
of measuring the intensity of the reflection light from the
reflective body at a second angle of view to obtain a second-
arily measured reflection degree value; a step of comparing
the primarily measured reflection degree value and the sec-
ondarily measured reflection degree value to determine a
relative motion of the object; and a step of identifying a
gesture corresponding to a relative motion of the reflective
body.

However, because it is difficult to clearly classify and rec-
ognize a complex or unclear gesture or motion in the optical
gesture recognizing method according to the related art, reli-
ability of a motion identifying function deteriorates.

That is, a specific motion may not be accurately recognized
such that a reaction corresponding to the motion may not
occur or may be recognized as another motion, causing an
intended reaction.
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Accordingly, operation errors of electronic devices based
on recognition of a motion may frequently occur, and a user
may feel inconvenient when using the electronic device or
have distrust against a motion identification function.

DISCLOSURE
Technical Problem

The present invention has been made in an effort to solve
the above-mentioned problems, and provides a motion rec-
ognition method in which, in order to execute various func-
tions of an electronic device according to a motion of a
reflective body such as a hand of a user, a light emitting
element projects light and a light receiving element detects
light reflected by the reflective body to determine an move-
ment direction of the reflective body, thereby making it pos-
sible to clearly classifying and recognizing a motion and
increase reliability of a motion switch.

Technical Solution

In accordance with an aspect of the present invention, there
is provided a motion recognition method in which a light
emitting element projects light and a light receiving element
detects the light reflected by a reflective body to recognize a
motion of the reflective body, the motion recognition method
including: a light detecting step of detecting light reflected by
the reflective body to measure a luminous intensity of the
light by the light receiving element; a first coordinate setting
step of setting a planar coordinate (X1, Y1) of the reflective
body in which the center of a light reception range of the light
receiving element is taken as the origin thereof in a first
position using the luminous intensity of the light by a data
processing unit; a second coordinate setting step of setting a
planar coordinate (X2,Y?2) of the reflective body in which the
center of a light reception range of the light receiving element
is taken as the origin thereof in a second position using the
luminous intensity of the light by a data processing unit; and
a direction determining step of, when the reflective body
moves from the first position to the second position, obtaining
an angle (6) between a line segment connecting the origin and
the planar coordinate (X1, Y1) in the first position and a line
segment connecting the planar coordinate (X1,Y1)in the first
position and the planar coordinate (X2, Y2) in the second
position and determining that the reflective body moves in a
direction passing through a %2 point of the angle (0) in the first
position by the data processing unit.

The data processing unit continuously calculates a plural-
ity of planar coordinates (X, Y) ona path which starts from the
origin (0, 0) and arrives at the origin (0, 0) again via the first
position and the second position according to a light projec-
tion interval of the light emitting element, calculates standard
values (N) of the planar coordinates (X, Y) with reference to
the origin (0, 0), and sets positions of a start point and an end
point of a section (2) in which the standard value (N)
decreases and then increases as the first position and the
second position, and the standard value (N) is calculated in
the following equation.

N=VX2+12

In the direction determining step, a direction in which the
reflective body moves is calibrated by adding a weight to the
angle (0).
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The light emitting elements are disposed to be spaced apart
from each other with respect to each other at an interval of
90°, the center of the light receiving element is the origin of
the planar coordinate, the light emitting element includes:
first and second light emitting elements disposed to face each
other with respect to the light receiving element; and third and
fourth light emitting elements disposed to face each other
with respect to the light receiving element, X1 and X2 which
are X axis coordinate components of the planar coordinate of
the reflective body are calculated by comparing the luminous
intensities of the light projected by the first light emitting
element and the second light emitting element and reflected
by the reflective body, and Y1 and Y2 which are X axis
coordinate components of the planar coordinate of the reflec-
tive body are calculated by comparing the luminous intensi-
ties of the light projected by the third light emitting element
and the fourth light emitting element and reflected by the
reflective body.

Aninterpolation element for interpolating the intensities of
the light projected by the light emitting elements and detected
by the light receiving element is further disposed adjacent to
the light emitting element.

In the direction determining step, a movement direction of
the reflective body is determined only when the luminous
intensity of the light detected by the light receiving element is
a predetermined value or more.

In the detection determining step, when the luminous
intensity of the light detected by the light receiving element
repeatedly increases and decreases, it is determined that the
reflective body moves in a predetermined pattern.

In the direction determining step, when a change rate of the
intensity of the light detected by the light receiving element
changes according to a predetermined pattern, it is deter-
mined that the reflective body rotates.

In accordance with another aspect of the present invention,
there is provided a motion recognition method in which a
light emitting element projects light and a light receiving
element detects the light reflected by a reflective body to
recognize a motion of the reflective body, the motion recog-
nition method including: a light detecting step of detecting
light reflected by the reflective body to measure a luminous
intensity of the light by the light receiving element; a first
coordinate setting step of setting a planar coordinate (X1,Y1)
of the reflective body in which the center of a light reception
range of the light receiving element is taken as the origin
thereof in a first position using the luminous intensity of the
light by a data processing unit; a second coordinate setting
step of setting a planar coordinate (X2, Y2) of the reflective
body in which the center of a light reception range of the light
receiving element is taken as the origin thereof in a second
position using the luminous intensity of the light by a data
processing unit; and a direction determining step of, when the
reflective body moves from the first position to the second
position, determining that the reflective body moves in any
one of the X axis direction and the Y axis direction according
to a relative position of X1 and X2 which are X axis coordi-
nate components and a relative position of Y1 and Y2 which
areY axis coordinate components by the data processing unit.

The data processing unit continuously calculates a plural-
ity of planar coordinates (X, Y) on a path which starts from the
origin (0, 0) and arrives at the origin (0, 0) again via the first
position and the second position according to a light projec-
tion interval of the light emitting element, and sequentially
sets the positions at which points of inflections where an X
axis coordinate component and a’Y axis coordinate compo-
nent of the planar coordinate increases or decreases on the
path appear as the first position and the second position.
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If X1 and X2 are located on opposite sides of the Y axis on
the coordinate plane and Y1 and Y2 are located on the same
side of the X axis on the coordinate plane, it is determined in
the direction determining step that the reflective body moves
in the X axis direction.

If X1 and X2 are located on the same side of the Y axis on
the coordinate plane and Y1 and Y2 are located on opposite
sides of the X axis on the coordinate plane, it is determined in
the direction determining step that the reflective body moves
in the Y axis direction.

When X1 and X2 are located on opposite sides ofthe Y axis
onthe coordinate plane and Y1 and Y2 are located on opposite
sides of the X axis on the coordinate plane, it is determined in
the direction determining step that the reflective body moved
in the X axis direction if the X axis coordinate components X 1
and X2 and the Y axis coordinate components Y1 and Y2
satisfy the following equation.

cX1sX2c[cY1sY2c

When X1 and X2 are located on opposite sides ofthe Y axis
onthe coordinate plane and Y1 and Y2 are located on opposite
sides of the X axis on the coordinate plane, it is determined in
the direction determining step that the reflective body moved
intheY axis direction if the X axis coordinate components X1
and X2 and the Y axis coordinate components Y1 and Y2
satisfy the following equation.

cX1sX2cZcYlsY2c

If the planar coordinate (X1, Y1) is located on the Y axis
except for the origin in the first position and Y2 is larger or
smaller than Y1, it is determined in the direction determining
step that the reflective body moves in the Y axis direction, and
if the planar coordinate (X1, Y1) is located on the X axis
except for the origin in the first position and X2 is larger or
smaller than X1, it is determined in the direction determining
step that the reflective body moves in the X axis direction.

When X1 and X2 are located on the same side with respect
to theY axis and Y1 and Y2 are located on the same side with
respect to the X axis, it is determined in the direction deter-
mining step that the reflective body move in any one of the X
axis direction and the Y axis direction according to a relative
difference between an angle between the X axis and the
planar coordinate (X1,Y1) and an angle between the X axis
and the planar coordinate (X2, Y2).

The light emitting elements are disposed to be spaced apart
from each other with respect to each other at an interval of
90°, the center of the light receiving element is the origin of
the planar coordinate, the light emitting element includes:
first and second light emitting elements disposed to face each
other with respect to the light receiving element; and third and
fourth light emitting elements disposed to face each other
with respect to the light receiving element; and X1 and X2
which are X axis coordinate components of the planar coor-
dinate of the reflective body are calculated by comparing the
luminous intensities of the light projected by the first light
emitting element and the second light emitting element and
reflected by the reflective body, and Y1 and Y2 which are Y
axis coordinate components of the planar coordinate of the
reflective body are calculated by comparing the luminous
intensities of the light projected by the third light emitting
element and the fourth light emitting element and reflected by
the reflective body

Advantageous Effects

The motion detection method according to the present
invention has the following effects.
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A complex and unclear motion can be clearly classified and
recognized by calculating an entry angle of the reflective
body and determining a movement direction of the reflective
body based on the first position coordinate and the second
position coordinate with reference to the origin, and accord-
ingly, an operation error of an electronic device based on
recognition of a motion can be minimized and the electronic
device can be conveniently used by increasing reliability of
the motion switch operated by a motion.

DESCRIPTION OF DRAWINGS

FIG. 1 is a view showing an operation of determining a
movement direction of a reflective body in a motion recogni-
tion method according to an aspect of the present invention;

FIG. 2 is a view schematically showing a structure of a
motion switch according to a first embodiment of the present
invention;

FIG. 3 is a view showing a recognition pattern of a special
motion of a reflective body;

FIG. 4 is a view schematically showing a structure of a
motion switch according to a second embodiment of the
present invention;

FIG. 5 is a view showing an operation of designating a first
position and a second position of a motion recognition
method according to another aspect of the present invention;

FIGS. 6 to 12 are views showing operations of determining
a direction of a reflective body according to conditions of
other aspects of the present invention;

FIG. 13 is a view schematically showing a structure of a
motion switch according to a third embodiment of the present
invention; and

FIG. 14 is a view schematically showing a structure of a
motion switch according to a fourth embodiment of the
present invention.

BEST MODE
Mode for Invention

FIG. 1 is a view showing an operation of determining a
movement direction of a reflective body in a motion recogni-
tion method according to an aspect of the present invention.

The motion detection method of the present invention
includes a light detecting step, a first coordinate setting step,
a second coordinate setting step, and a direction determining
step.

The motion recognition method is realized by a motion
switch including a light emitting element 10, a light receiving
element 20 for detecting light projected from the light emit-
ting element 10, and a data processing unit (not shown) for
determining and determining data information input through
the light detected by the light receiving element 20.

Korean Patent No. 10-1090965 discloses a motion detec-
tion switch of the applicant of the present invention, and the
motion switch may be a type of motion switch which can
realize a motion recognition method.

In the light detecting step, the light receiving element 20
detects the light reflected by the reflective body and measures
a luminous intensity of the light.

In the first coordinate setting step, the data processing unit
sets a planar coordinate (X1, Y1) of the reflective body in
which the center of a light reception range of the light receiv-
ing element 20 is taken as the origin in a first position using
the luminous intensity of the light.

In the second coordinate setting step, the data processing
unit sets a planar coordinate (X2, Y?2) of the reflective body in
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6

which the center of a light reception range of the light receiv-
ing element 20 is taken as the origin in a second position using
the luminous intensity of the light.

In detail, the data processing unit continuously calculates a
plurality of planar coordinates (X, Y) on a path which starts
from the origin (0, 0) and arrives at the origin (0, 0) again via
the first position and the second position according to a light
projection interval of the light emitting element, and calcu-
lates standard values N of the planar coordinates (X,Y) with
reference to the origin (0, 0).

The standard values N are calculated in the following equa-
tion.

N=vX2+y2

The data processing unit sets positions of a start point and
an end point of a section (2) in which the standard value N
decreases and then increases as shown in FIG. 1B as the first
position and the second position.

FIG. 1B is a graph showing a change in the standard value
N according to time t, and the standard value N decreases
when the reflective body approaches the origin and increases
when the reflective body grows apart from the origin.

In the direction determining step, when the reflective body
moves from the first position to the second position, the data
processing unit obtains an angle 6 between a line segment (1)
connecting the origin and the planar coordinate (X1, Y1) in
the first position and a line segment (2) connecting the planar
coordinate (X1, Y1) in the first position and the planar coor-
dinate (X2,Y2) in the second position and determines that the
reflective body moves in a direction passing through a 2
point of the angle 0 in the first position.

Meanwhile, in the direction determining step, a direction in
which the reflective body moves can be calibrated by adding
a weight to the angle 6.

In the detection determining step, when the luminous
intensity of the light detected by the light receiving element
20 repeatedly increases and decreases, it is determined that
the reflective body moves in a predetermined pattern.

That is, if the user repeats the same operation in the light
reception range of the light receiving element, the data pro-
cessing unit may recognize that the luminous intensity of the
light detected by the light receiving element 20 repeatedly
increases and decreases in a specific pattern.

Accordingly, if the data processing unit recognizes the
repeated special operation signal, a special function corre-
sponding to the operation signal may be executed in a system
(an electronic device or the like) based on recognition of a
motion.

Inthe above-described motion recognition method, a com-
plex and unclear motion can be clearly classified and recog-
nized by calculating an entry angle of the reflective body and
determining a movement direction of the reflective body
based on the first position coordinate and the second position
coordinate with reference to the origin, and accordingly, an
operation error of an electronic device based on recognition
of'a motion can be minimized and the electronic device can be
conveniently used by increasing reliability of the motion
switch operated by a motion.

First Embodiment

FIG. 2A is a view schematically showing a structure of a
motion switch according to a first embodiment of the present
invention. FIG. 2B shows a motion switch further including
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an interpolation element in FIG. 2A. FIG. 3 is a view showing
a recognition pattern of a special motion of a reflective body.

The motion switch for realizing the motion recognition
method according to the present invention includes a light
emitting element 10, a light receiving element 20, and a data
processing unit (not shown).

The light receiving element 10 includes first and second
light emitting elements 11 and 12 disposed to face each other
while taking the light receiving element 20 as the center
thereof, and third and fourth light emitting elements 13 and 14
disposed to face each other while taking the light receiving
element 20 as the center thereof, and the first to fourth light
emitting elements 11, 12, 13, and 14 are disposed to be spaced
apart from each other by an interval of 90° while taking the
light receiving element 20 as the center thereofto sequentially
project light at a predetermined interval.

Accordingly, if a reflective body such as a hand of the user
passes over the motion switch, the light projected from the
light emitting element 10 is reflected by the reflective body
and the light receiving element 20 detects the reflected light.

Then, the luminous intensity of the light detected by the
light receiving element 20 changes according to the position
of'the reflective body and the luminous intensity of the light is
converted into analog data.

The data processing unit compares the analog data of the
light projected by the first light emitting element 11 and the
second light emitting element 12 and detected by the light
receiving element 20, and calculates X axis coordinate com-
ponent values of the planar coordinates in the positions of the
reflective body.

X=4-B

(A: Luminous intensity of light projected by the first light
emitting element, B: Luminous intensity of light projected by
the second light emitting element)

If the reflective body is located over the light receiving
element 20 corresponding to the origin of the planar coordi-
nate, the values of A and B are the same such that X=0, if the
reflective body moves toward the first light emitting element
11, A increases and B decreases such that X>0, and if the
reflective body moves toward the second light emitting ele-
ment 12, A decreases and B increases such that X<0.

The data processing unit compares the analog data of the
light projected by the third light emitting element 13 and the
fourth light emitting element 14 and detected by the light
receiving element 20, and calculates Y axis coordinate com-
ponent values of the planar coordinates in the positions of the
reflective body.

Y=C-D

(C: Luminous intensity of light projected by the third light
emitting element, B: Luminous intensity of light projected by
the fourth light emitting element)

If the reflective body is located over the light receiving
element 20 corresponding to the origin of the planar coordi-
nate, the values of C and D are the same such that Y=0, if the
reflective body moves toward the third light emitting element
13, A increases and C decreases such that X>0, and if the
reflective body moves toward the fourth light emitting ele-
ment 14, C decreases and D increases such that X<0.

As described above, when the reflective body moves from
the first position to the second position, the data processing
unit obtains an angle 6 between a line segment (1) connecting
the origin and the planar coordinate (X1, Y1) in the first
position and a line segment (2) connecting the planar coordi-
nate (X1, Y1) in the first position and the planar coordinate
(X2,Y2) in the second position and determines that the reflec-
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tive body moves in a direction passing through a 2 point of
the angle 6 in the first position.

The motion switch is operated only when the luminous
intensity of the light detected by the light receiving element
20 is a predetermined reference or more.

Because the light receiving element 20 detects the light
introduced through an upper opened space of the motion
switch, external light other than the light projected by the
light emitting element 10 and reflected by the reflective body
can be detected.

Accordingly, an error in determining a movement direction
of'the reflective body can be prevented by deferring the move-
ment direction of the reflective body when the luminous
intensity of the light detected by the light receiving element
20 is smaller than the predetermined reference value, and
determining the movement direction of the reflective body
only when the luminous intensity of the light detected by the
light receiving element 20 is a predetermined reference value
or more.

Furthermore, in order to flexibly respond to an external
condition, the reference value may be changed with reference
to the luminous intensity of the light reflected by the reflective
body and detected by the light receiving element 20.

In addition, when the reflective body enters the light recep-
tion range of the light receiving element 20 and is not with-
drawn from the light reception range for a predetermined time
period, determination of a direction of the reflective body in
the direction determining step is deferred.

Moreover, when the reflective body enters the light recep-
tion range, the user is informed of detection of the reflective
body through light, vibrations, sounds, or the like.

Meanwhile, as shown in FIG. 2B, the motion switch may
further include an interpolation element 15.

The interpolation element 15 is disposed adjacent to the
light emitting element 10, and may interpolate the analog data
of the light projected by the light emitting element and
detected by the light receiving element to increase reliability
of data.

When the axial direction of the planar coordinate of the
motion switch and a direction of a system (an electronic
device or the like) recognized by the motion switch are not
symmetrical to each other, the coordinate value set by the
motion switch can be adjusted through structural rotational
conversions and translational conversions to be applied.

As shown in FIG. 3, in the direction determining step, the
data processing unit may determine that the reflective body F
rotates when a change rate of the luminous intensity of the
light detected by the light receiving element 20 changes
according to a predetermined pattern.

FIG. 3A is a view showing a state in which the reflective
body F rotates over the light emitting element 11, 12, 13, and
14. F1G. 3B is a graph depicting a change rate of the luminous
intensity of the light projected by the light emitting elements
11,12, 13, and 14 and detected by the light receiving element
20 over time t.

In an example of the first light emitting element 11 of the
light emitting elements, a change rate of the analog data ofthe
light projected by the first light emitting element 11 and
detected by the light receiving element 20 when the reflective
body F passes over the first light emitting element 11 over
time t is largest, and a change rate of the analog data of the
light projected by the first light emitting element 11 and
detected by the light receiving element 20 when the reflective
body F passes over the second light emitting element 11
disposed on an opposite side of the first light emitting element
11 with respect to the light receiving element 20 over time t is
smallest.
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The second light emitting element 12, the third light emit-
ting element 13, and the fourth light emitting element 14 also
have change rates of the analog data over time t in the same
pattern as that of the first light emitting element 11.

Accordingly, the data processing unit may recognize that
the reflective body rotates over the motion switch by recog-
nizing the pattern of the analog data, and a system (an elec-
tronic device or the like) based on detection of a motion may
be allowed to execute a special function corresponding to the
motion according to a rotation operation of the reflective
body.

Second Embodiment

The second embodiment is different from the first embodi-
ment in an aspect of disposition structures of the light emit-
ting device and the light receiving structure.

FIG. 4A is a view schematically showing a planar structure
of'a motion switch according to a second embodiment of the
present invention. FIG. 4B is a view schematically showing a
side structure of the motion switch according to the second
embodiment of the present invention.

The motion switch for realizing the motion recognition
method according to the second embodiment of the present
invention includes a light emitting element 10, a light receiv-
ing element 20, and a data processing unit (not shown).

The light emitting element 10 projects light at a predeter-
mined interval.

The light receiving elements 20 are disposed to be spaced
apart from each other at an interval of 90° while taking the
origin acting as the center of the entire light reception range as
the center thereof, and the light emitting element 10 is dis-
posed adjacent to the light receiving elements 20.

The light receiving elements 20 include first and second
light receiving elements 21 and 22 disposed to face each other
with respect to the origin, and third and fourth light receiving
elements 23 and 24 disposed to face each other with respect to
the origin.

The data processing unit compares the analog data of the
light detected by the first light receiving element 21 and the
second light receiving element 22, and calculates X axis
coordinate component values of the planar coordinates in the
positions of the reflective body.

X=4-B

(A: Luminous intensity of light detected by the first light
receiving element, B: Luminous intensity of light detected by
the second light receiving element)

The data processing unit compares the analog data of the
light detected by the third light receiving element 23 and the
fourth light receiving element 24, and calculates Y axis coor-
dinate component values of the planar coordinates in the
positions of the reflective body.

Y=C-D

(C: Luminous intensity of light detected by the third light
receiving element, B: Luminous intensity of light detected by
the fourth light receiving element)

The light receiving elements 20 include light receiving
lenses 30, respectively, and the optical axes of the light receiv-
ing lenses 30 are inclined with respect to a vertically upward
direction.

Accordingly, the light projected by the light emitting ele-
ment 10 may be reflected by the reflective body and may be
detected by the light receiving elements 20.

The optical axes of the light receiving lenses 30 are
inclined with respect to the vertically upward direction such
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that the light receiving elements 21, 22, 23, and 24 may detect
light of the same luminous intensity when the reflective body
is located at the center of the light reception range.

The other items of the second embodiment are the same as
those of the first embodiment, and a detailed description
thereof will be omitted.

The motion detection method according to another aspect
of'the present invention includes a light detecting step, a first
coordinate setting step, a second coordinate setting step, and
a direction determining step.

The motion recognition method is realized by a motion
switch including a light emitting element 10, a light receiving
element 20 for detecting light projected from the light emit-
ting element 10, and a data processing unit (not shown) for
determining and determining data information input through
the light detected by the light receiving element 20.

Korean Patent No. 10-1090965 discloses a motion detec-
tion switch of the applicant of the present invention, and the
motion switch may be a type of motion switch which can
realize a motion recognition method.

In the light detecting step, the light receiving element 20
detects the light reflected by the reflective body and measures
a luminous intensity of the light.

In the first coordinate setting step, the data processing unit
sets a planar coordinate (X1, Y1) of the reflective body in
which the center of a light reception range of the light receiv-
ing element 20 is taken as the origin in a first position using
the luminous intensity of the light.

In the second coordinate setting step, the data processing
unit sets a planar coordinate (X2,Y2) of the reflective body in
which the center of a light reception range of the light receiv-
ing element 20 is taken as the origin in a second position using
the luminous intensity of the light.

In detail, as shown in FIG. 5, the data processing unit
continuously calculates a plurality of planar coordinates on a
path which starts from the origin (0, 0) and arrives at the origin
(0, 0) again via the first position and the second position
according to a light projection interval of the light emitting
elements 10, and sequentially sets the positions at which
points of inflections where an X axis coordinate component
and a'Y axis coordinate component of the planar coordinate
increases or decreases on the path appear as the first position
(1) and the second position (2).

In the direction determining step, when the reflective body
moves from the first position to the second position, the data
processing unit determines that the reflective body moves in
any one of the X axis direction and the Y axis direction
according to arelative position of X1 and X2 which are X axis
coordinate components and a relative position of Y1 and Y2
which are Y axis coordinate components.

A detailed example of determining a movement direction
of the reflective body by comparing the planar coordinate
(X1, Y1) in the first position and the planar coordinate (X2,
Y2) in the second position according to a position of the
reflective body will be described as follows.

1) If X1 and X2 are located on opposite sides of the Y axis
onthe coordinate plane and Y1 and Y2 are located on the same
side of the X axis on the coordinate plane, it is determined in
the direction determining step that the reflective body moves
in the X axis direction.

Then, if X1 is a positive number as shown in FIG. 6A, it is
determined in the direction determining step that the reflec-
tive body moves leftwards, and if X2 is a positive number as
shown in FIG. 6B, it is determined in the direction determin-
ing step that the reflective body moves rightwards.
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That is, assuming that the following condition is satisfied,
X1sX2Z0
Y1sT2[0

The data processing unit determines in the direction deter-
mining step that the reflective body moves leftwards if X1 is
a positive number, and determines in the direction determin-
ing step that the reflective body moves rightwards if X2 is a
positive number.

2) If X1 and X2 are located on the same with respect to the
Y axis on the coordinate plane and Y1 and Y2 are located on
opposite sides of the X axis on the coordinate plane, it is
determined in the direction determining step that the reflec-
tive body moves in the Y axis direction.

Then, if Y1 is a positive number as shown in FIG. 6C, it is
determined in the direction determining step that the reflec-
tive body moves downwards, and if Y2 is a positive number as
shown in FIG. 6D, it is determined in the direction determin-
ing step that the reflective body moves upwards.

That is, assuming that the following condition is satisfied,

Y1sY2Z0O

X1sX2[0

the data processing unit determines in the direction deter-
mining step that the reflective body moves downwards if Y1 is
a positive number, and determines in the direction determin-
ing step that the reflective body moves upwards if Y2 is a
positive number.

3) When X1 and X2 are located on opposite sides of the Y
axis on the coordinate plane and Y1 and Y2 are located on
opposite sides of the X axis on the coordinate plane, it is
determined in the direction determining step that the reflec-
tive body moves in the X axis direction if the X axis coordi-
nate components X1 and X2 and the Y axis coordinate com-
ponents Y1 and Y2 satisfy the following equation.

cX1sX2c[cY1sY2c

(In the relationship, the absolute values of the values of the
coordinate components are compared.)

Then, if X1 is a positive number as shown in FIG. 7A, it is
determined in the direction determining step that the reflec-
tive body moves to the left side, and if X2 is a positive number
as shown in FIG. 7B, it is determined in the direction deter-
mining step that the reflective body moves to the right side.

Further, when X1 and X2 are located on opposite sides of
the Y axis on the coordinate plane and Y1 and Y2 are located
on opposite sides of the X axis on the coordinate plane, it is
determined in the direction determining step that the reflec-
tive body moves in the Y axis direction if the X axis coordi-
nate components X1 and X2 and the Y axis coordinate com-
ponents Y1 and Y2 satisfy the following equation.

cX1sX2cZcY1sY2c

(In the relationship, the absolute values of the values of the
coordinate components are compared.)

Then, if Y1 is a positive number as shown in FIG. 7C, it is
determined in the direction determining step that the reflec-
tive body moves downwards, and if Y2 is a positive number as
shown in FIG. 7D, it is determined in the direction determin-
ing step that the reflective body moves rightwards.

4) If the planar coordinate (X1,Y1) is located on the Y axis
except for the origin in the first position and Y2 is larger or
smaller than Y1, it is determined in the direction determining
step that the reflective body moves in the Y axis direction.

That is, X1 is zero in the first position.
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Then, if Y2 is smaller than Y1 as shown in FIG. 8A, it is
determined in the direction determining step that the reflec-
tive body moves downwards, and if Y2 is larger than Y1 as
shown in FIG. 8B, it is determined in the direction determin-
ing step that the reflective body moves upwards.

4) If the planar coordinate (X1,Y1) is located on the X axis
except for the origin in the first position and X2 is larger or
smaller than X1, it is determined in the direction determining
step that the reflective body moves in the X axis direction.

That is, Y1 is zero in the first position.

Then, if X2 is smaller than X1 as shown in FIG. 8C, it is
determined in the direction determining step that the reflec-
tive body moves leftwards, and if X2 is larger than X1 as
shown in FIG. 8D, it is determined in the direction determin-
ing step that the reflective body moves rightwards.

5) When X1 and X2 are located on the same side of the Y
axis and Y1 and Y2 are located on the same side of the X axis,
it is determined in the direction determining step that the
reflective body move in any one of the X axis direction and the
Y axis direction according to a relative difference between an
angle 01 between the X axis and the planar coordinate (X1,
Y1) and an angle 62 between the X axis and the planar
coordinate (X2, Y2).

Indetail, when (X1,Y1) and (X2,Y2) are located in the first
quadrant in the coordinate plane, it is determined in the direc-
tion determining step that the reflective body moves down-
wards if 02 is smaller than 01 as shown in FIG. 9A and it is
determined in the direction determining step that the reflec-
tive body moves leftwards if 02 is larger than 61 as shown in
FIG. 9B.

In detail, when (X1, Y1) and (X2, Y2) are located in the
second quadrant in the coordinate plane, it is determined in
the direction determining step that the reflective body moves
rightwards if 62 is smaller than 61 as shown in FIG. 10A and
it is determined in the direction determining step that the
reflective body moves downwards if 02 is larger than 01 as
shown in FIG. 10B.

In detail, when (X1, Y1) and (X2, Y2) are located in the
third quadrant in the coordinate plane, it is determined in the
direction determining step that the reflective body moves
upwards if 62 is smaller than 61 as shown in FIG. 11A and it
is determined in the direction determining step that the reflec-
tive body moves rightwards if 62 is larger than 01 as shown in
FIG. 11B.

In detail, when (X1, Y1) and (X2, Y2) are located in the
fourth quadrant in the coordinate plane, it is determined in the
direction determining step that the reflective body moves
leftwards if 02 is smaller than 01 as shown in FIG. 12A and it
is determined in the direction determining step that the reflec-
tive body moves upwards if 02 is larger than 61 as shown in
FIG. 12B.

Inthe above-described motion recognition method, a com-
plex and unclear motion can be clearly classified and recog-
nized by simplifying a movement direction of the reflective
body into any one of the X axis direction and the Y axis
direction according to a preset condition to recognize the
movement direction of the reflective body, and accordingly,
operation errors of the electronic devices based on recogni-
tion of a motion can be minimized and the electronic devices
can be conveniently used by increasing reliability of the
motion switch operated by a motion.

Third Embodiment

FIG. 13 is a view schematically showing a planar structure
of a motion switch according to a third embodiment of the
present invention.
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The motion switch for realizing the motion recognition
method according to the present invention includes a light
emitting element 10, a light receiving element 20, and a data
processing unit.

The light receiving element 10 includes first and second
light emitting elements 11 and 12 disposed to face each other
while taking the light receiving element 20 as the center
thereof, and third and fourth light emitting elements 13 and 14
disposed to face each other while taking the light receiving
element 20 as the center thereof, and the first to fourth light
emitting elements 11, 12, 13, and 14 are disposed to be spaced
apart from each other by an interval of 90° while taking the
light receiving element 20 as the center thereofto sequentially
project light at a predetermined interval.

Accordingly, if a reflective body such as a hand of the user
passes over the motion switch, the light projected from the
light emitting element 10 is reflected by the reflective body
and the light receiving element 20 detects the reflected light.

Then, the luminous intensity of the light detected by the
light receiving element 20 changes according to the position
of'the reflective body and the luminous intensity of the light is
converted into analog data.

The data processing unit compares the analog data of the
light projected by the first light emitting element 11 and the
second light emitting element 12 and detected by the light
receiving element 20, and calculates X axis coordinate com-
ponent values of the planar coordinates in the positions of the
reflective body.

X=4-B

(A: Luminous intensity of light projected by the first light
emitting element, B: Luminous intensity of light projected by
the second light emitting element)

If the reflective body is located over the light receiving
element 20 corresponding to the origin of the planar coordi-
nate, the values of A and B are the same such that X=0, if the
reflective body moves toward the first light emitting element
11, A increases and B decreases such that X>0, and if the
reflective body moves toward the second light emitting ele-
ment 12, A decreases and B increases such that X<0.

The data processing unit compares the analog data of the
light projected by the third light emitting element 13 and the
fourth light emitting element 14 and detected by the light
receiving element 20, and calculates Y axis coordinate com-
ponent values of the planar coordinates in the positions of the
reflective body.

Y=C-D

(C: Luminous intensity of light projected by the third light
emitting element, B: Luminous intensity of light projected by
the fourth light emitting element)

If the reflective body is located over the light receiving
element 20 corresponding to the origin of the planar coordi-
nate, the values of C and D are the same such that Y=0, if the
reflective body moves toward the third light emitting element
13, A increases and C decreases such that X>0, and if the
reflective body moves toward the fourth light emitting ele-
ment 14, C decreases and D increases such that X<0.

The data processing unit continuously calculates a plural-
ity of planar coordinates on a movement path of the reflective
body recognized by the data processing unit, sequentially sets
the positions at which points of inflections where an X axis
coordinate component and a Y axis coordinate component of
the planar coordinate increase or decrease on the path appear
as the first position and the second position, and determines a
movement direction of the reflective body by comparing a
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planar coordinate (X1, Y1) of the first position and a planar
coordinate (X2, Y2) of the second position.

The motion switch is operated only when the luminous
intensity of the light detected by the light receiving element
20 is a predetermined reference or more.

Because the light receiving element 20 detects the light
introduced through an upper opened space of the motion
switch, external light other than the light projected by the
light emitting element 10 and reflected by the reflective body
can be detected.

Accordingly, an error in determining a movement direction
of'the reflective body can be prevented by deferring the move-
ment direction of the reflective body when the luminous
intensity of the light detected by the light receiving element
20 is smaller than the predetermined reference value, and
determining the movement direction of the reflective body
only when the luminous intensity of the light detected by the
light receiving element 20 is a predetermined reference value
or more.

Furthermore, in order to flexibly respond to an external
condition, the reference value may be changed with reference
to the luminous intensity of the light reflected by the reflective
body and detected by the light receiving element 20.

In addition, when the reflective body enters the light recep-
tion range of the light receiving element 20 and is not with-
drawn from the light reception range for a predetermined time
period, determination of a direction of the reflective body in
the direction determining step is deferred.

Moreover, when the reflective body enters the light recep-
tion range, the user is informed of detection of the reflective
body through light, vibrations, sounds, or the like.

Meanwhile, the motion switch may further include an
interpolation element.

The interpolation element is disposed adjacent to the light
emitting element 10, and may interpolate the analog data of
the light projected by the light emitting element 10 and
detected by the light receiving element 20 to increase reliabil-
ity of data.

When the axial direction of the planar coordinate of the
motion switch and a direction of a system (an electronic
device or the like) recognized by the motion switch are not
symmetrical to each other, the coordinate value set by the
motion switch can be adjusted through structural rotational
conversions and translational conversions to be applied.

Fourth Embodiment

The fourth embodiment is different from the third embodi-
ment in an aspect of disposition structures of the light emit-
ting device and the light receiving structure.

FIG. 14 is a view schematically showing a structure of a
motion switch according to a fourth embodiment of the
present invention.

FIG. 14A is a view schematically showing a planar struc-
ture of a motion switch according to a fourth embodiment of
the present invention. FIG. 14B is a view schematically show-
ing a side structure of the motion switch according to the
fourth embodiment of the present invention.

The motion switch for realizing the motion recognition
method according to the fourth embodiment of the present
invention includes a light emitting element 0, a light receiving
element 20, and a data processing unit (not shown).

The light emitting element 10 projects light at a predeter-
mined interval.

The light receiving elements 20 are disposed to be spaced
apart from each other at an interval of 90° while taking the
origin acting as the center of the entire light reception range as



US 9,170,653 B1

15

the center thereof, and the light emitting element 10 is dis-
posed adjacent to the light receiving elements 20.

The light receiving elements 20 include first and second
light receiving elements 21 and 22 disposed to face each other
with respect to the origin, and third and fourth light receiving
elements 23 and 24 disposed to face each other with respect to
the origin.

The data processing unit compares the analog data of the
light detected by the first light receiving element 21 and the
second light receiving element 22, and calculates X axis
coordinate component values of the planar coordinates in the
positions of the reflective body.

X=4-B

(A: Luminous intensity of light detected by the first light
receiving element, B: Luminous intensity of light detected by
the second light receiving element)

The data processing unit compares the analog data of the
light detected by the third light receiving element 23 and the
fourth light receiving element 24, and calculates Y axis coor-
dinate component values of the planar coordinates in the
positions of the reflective body.

Y=C-D

(C: Luminous intensity of light detected by the third light
receiving element, B: Luminous intensity of light detected by
the fourth light receiving element)

The light receiving elements 20 include light receiving
lenses 30, respectively, and the optical axes of the light receiv-
ing lenses 30 are inclined with respect to a vertically upward
direction.

Accordingly, the light projected by the light emitting ele-
ment 10 may be reflected by the reflective body and may be
detected by the light receiving elements 20.

The optical axes of the light receiving lenses 30 are
inclined with respect to the vertically upward direction such
that the light receiving elements 20 may detect light of the
same luminous intensity when the reflective body is located at
the center of the light reception range.

The other items of the fourth embodiment are the same as
those of the third embodiment, and a detailed description
thereof will be omitted.

The motion recognition method switch according to the
present invention is not limited to the above-described
embodiment, but may be variously deformed without depart-
ing from the spirit of the present invention.

The invention claimed is:

1. A motion recognition method in which a light emitting
element projects light and a light receiving element detects
the light reflected by a reflective body to recognize a motion
of the reflective body, the motion recognition method com-
prising:

a light detecting step of detecting light reflected by the
reflective body to measure a luminous intensity of the
light by the light receiving element;

a first coordinate setting step of setting a planar coordinate
(X1, Y1) of the reflective body in which the center of a
light reception range of the light receiving element is
taken as the origin thereof in a first position using the
luminous intensity of the light by a data processing unit;

a second coordinate setting step of setting a planar coordi-
nate (X2, Y2) of the reflective body in which the center
of a light reception range of the light receiving element
is taken as the origin thereof in a second position using
the luminous intensity of the light by a data processing
unit; and
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a direction determining step of, when the reflective body
moves from the first position to the second position,
obtaining an angle (0) between a line segment connect-
ing the origin and the planar coordinate (X1, Y1) in the
first position and a line segment connecting the planar
coordinate (X1, Y1) in the first position and the planar
coordinate (X2, Y2) in the second position and deter-
mining that the reflective body moves in a direction
passing through a %2 point of the angle (0) in the first
position by the data processing unit.

2. The motion recognition method of claim 1, wherein the
data processing unit continuously calculates a plurality of
planar coordinates (X, Y) on a path which starts from the
origin (0, 0) and arrives at the origin (0, 0) again via the first
position and the second position according to a light projec-
tion interval of the light emitting element, calculates standard
values (N) of the planar coordinates (X, Y) with reference to
the origin (0, 0), and sets positions of a start point and an end
point of a section (2) in which the standard value (N)
decreases and then increases as the first position and the
second position, and the standard value (N) is calculated in
the following equation:

N=vVX2+Y2.

3. The motion recognition method of claim 1, wherein in
the direction determining step, a direction in which the reflec-
tive body moves is calibrated by adding a weight to the angle
(©).

4. The motion recognition method of claim 1, wherein the
light emitting elements are disposed to be spaced apart from
each other with respect to each other at an interval of 90°,

the center of the light receiving element is the origin of the

planar coordinate,

the light emitting element comprises:

first and second light emitting elements disposed to face

each other with respect to the light receiving element;
and

third and fourth light emitting elements disposed to face

each other with respect to the light receiving element,

X1 and X2 which are X axis coordinate components of the

planar coordinate of the reflective body are calculated by
comparing the luminous intensities of the light projected
by the first light emitting element and the second light
emitting element and reflected by the reflective body,
and

Y1 and Y2 which are X axis coordinate components of the

planar coordinate of the reflective body are calculated by
comparing the luminous intensities of the light projected
by the third light emitting element and the fourth light
emitting element and reflected by the reflective body.

5. The motion recognition method of claim 4, wherein an
interpolation element for interpolating the intensities of the
light projected by the light emitting elements and detected by
the light receiving element is further disposed adjacent to the
light emitting element.

6. The motion recognition method of claim 1, wherein in
the direction determining step, a movement direction of the
reflective body is determined only when the luminous inten-
sity of the light detected by the light receiving element is a
predetermined value or more.

7. The motion recognition method of claim 1, wherein in
the detection determining step, when the luminous intensity
of'the light detected by the light receiving element repeatedly
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increases and decreases, it is determined that the reflective
body moves in a predetermined pattern.

8. The motion recognition method of claim 1, wherein in
the direction determining step, when a change rate of the
intensity of the light detected by the light receiving element
changes according to a predetermined pattern, it is deter-
mined that the reflective body rotates.

9. A motion recognition method in which a light emitting
element projects light and a light receiving element detects
the light reflected by a reflective body to recognize a motion
of the reflective body, the motion recognition method com-
prising:

a light detecting step of detecting light reflected by the
reflective body to measure a luminous intensity of the
light by the light receiving element;

a first coordinate setting step of setting a planar coordinate
(X1, Y1) of the reflective body in which the center of a
light reception range of the light receiving element is
taken as the origin thereof in a first position using the
luminous intensity of the light by a data processing unit;

a second coordinate setting step of setting a planar coordi-
nate (X2, Y2) of the reflective body in which the center
of a light reception range of the light receiving element
is taken as the origin thereof in a second position using
the luminous intensity of the light by a data processing
unit; and

a direction determining step of, when the reflective body
moves from the first position to the second position,
determining that the reflective body moves in any one of
the X axis direction and the Y axis direction according to
a relative position of X1 and X2 which are X axis coor-
dinate components and a relative position of Y1 and Y2
which are Y axis coordinate components by the data
processing unit.

10. The motion recognition method of claim 9, wherein the
data processing unit continuously calculates a plurality of
planar coordinates (X, Y) on a path which starts from the
origin (0, 0) and arrives at the origin (0, 0) again via the first
position and the second position according to a light projec-
tion interval of the light emitting element, and sequentially
sets the positions at which points of inflections where an X
axis coordinate component and a’Y axis coordinate compo-
nent of the planar coordinate increases or decreases on the
path appear as the first position and the second position.

11. The motion recognition method of claim 9, wherein if
X1 and X2 are located on opposite sides of the Y axis on the
coordinate plane and Y1 and Y2 are located on the same side
of the X axis on the coordinate plane, it is determined in the
direction determining step that the reflective body moves in
the X axis direction.

12. The motion recognition method of claim 9, wherein if
X1 and X2 are located on the same side of the Y axis on the
coordinate plane and Y1 and Y2 are located on opposite sides
of the X axis on the coordinate plane, it is determined in the
direction determining step that the reflective body moves in
the Y axis direction.

13. The motion recognition method of claim 9, wherein
when X1 and X2 are located on opposite sides of theY axis on
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the coordinate plane and Y1 and Y2 are located on opposite
sides of the X axis on the coordinate plane, it is determined in
the direction determining step that the reflective body moved
in the X axis direction if the X axis coordinate components X 1
and X2 and the Y axis coordinate components Y1 and Y2
satisfy the following equation:

cX1sX2c/cY1sY2c.

14. The motion recognition method of claim 9, wherein
when X1 and X2 are located on opposite sides of the Y axis on
the coordinate plane and Y1 and Y2 are located on opposite
sides of the X axis on the coordinate plane, it is determined in
the direction determining step that the reflective body moved
intheY axis direction if the X axis coordinate components X1
and X2 and the Y axis coordinate components Y1 and Y2
satisfy the following equation:

cX1sX2cZcYlsY2c.

15. The motion recognition method of claim 9, wherein if
the planar coordinate (X1,Y1)is located on the Y axis except
for the origin in the first position and Y2 is larger or smaller
thanY1, it is determined in the direction determining step that
the reflective body moves in the Y axis direction, and if the
planar coordinate (X1,Y1) is located on the X axis except for
the origin in the first position and X2 is larger or smaller than
X1, it is determined in the direction determining step that the
reflective body moves in the X axis direction.

16. The motion recognition method of claim 9, wherein
when X1 and X2 are located on the same side with respect to
the Y axis and Y1 and Y2 are located on the same side with
respect to the X axis, it is determined in the direction deter-
mining step that the reflective body move in any one of the X
axis direction and the Y axis direction according to a relative
difference between an angle between the X axis and the
planar coordinate (X1,Y1) and an angle between the X axis
and the planar coordinate (X2, Y2).

17. The motion recognition method of claim 9, wherein the
light emitting elements are disposed to be spaced apart from
each other with respect to each other at an interval of 90°,

the center of the light receiving element is the origin of the

planar coordinate,

the light emitting element comprises:

first and second light emitting elements disposed to face

each other with respect to the light receiving element;
and

third and fourth light emitting elements disposed to face

each other with respect to the light receiving element;
and

X1 and X2 which are X axis coordinate components of the

planar coordinate of the reflective body are calculated by
comparing the luminous intensities of the light projected
by the first light emitting element and the second light
emitting element and reflected by the reflective body,
and

Y1 and Y2 which areY axis coordinate components of the

planar coordinate of the reflective body are calculated by
comparing the luminous intensities of the light projected
by the third light emitting element and the fourth light
emitting element and reflected by the reflective body.
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